In order to clarify the clinical significance of a persistent negative U wave in patients with myocardial infarction, the clinical features and prognosis of a group of such patients were compared with a group without negative U waves. The persistent negative U wave was defined as the presence of a negative U wave at the time of discharge. The subjects were classified into 2 groups: group A-55 patients (50 males and 5 females, 5910 years) with negative U waves; group B-70 patients (55 males and 15 females, 619 years) without negative U waves. The average follow-up periods were 4921 months in group A and 4218 months in group B. Negative U waves appeared in leads where r or R waves were present, but were not observed in leads with a QS pattern. The incidences of a diseased left anterior descending artery, multi-vessel disease, left ventricular wall motion abnormality and left ventricular ejection fraction below 50% were higher in group A than in group B. The recurrence of myocardial infarction was 18.2% in group A and 7.1% in group B, and the number of patients treated with antianginal drugs was higher in group A than in group B. The rate of recurrence of myocardial infarction at 1, 3 and 5 years was 6%, 17% and 26%, respectively in group A and 6%, 8% and 11%, respectively in group B. Thus, it was concluded that patients in group A require more active treatment than those in group B.
Electrocardiogram
The presence or absence of negative U waves was evaluated by a routine 12-lead electrocardiogram at rest and when no cardiac attacks occurred. In group A, where negative U waves were observed in each of the 12 leads in the electrocardiogram, their appearance persisted for at least 3 months after the onset of myocardial infarction. The negative U wave immediately after the end of T wave in each of the 12 leads was regarded as the negative U wave with heart rates of less than 100/min. A Q/R ratio of more than 25% was regarded as evidence of a myocardial infarction. Patients with a conduction disturbance, atrial fibrillation or flutter were excluded from this study.
Coronary arteriography
Coronary arteriography was performed on 96 of 125 patients about 1 month after the onset of myocardial infarction. A significant coronary stenosis was defined as a luminal narrowing of more than 75%. Four patients had nearly normal coronary arteries or no significant coronary stenosis, 43 had one vessel disease, 27 had two vessel disease and 22 had triple vessel disease.
Left ventriculography was performed on 96 patients. An abnormal localized left ventricular contraction was defined by AHA criteria, but a significant abnormal contraction was regarded as the presence of akinesis, dyskinesis or aneurysm in this study. These abnormalities were observed in 61 of 96 patients. Left ventricular ejection fraction was calculated by the AreaLength method using right anterior oblique projection from the left ventriculogram.
Follow-up method
After discharge from the hospital, the 125 patients were seen in the outpatient clinic, always by the same physician, at regular intervals of 2 to 4 weeks. They were examined for complications such as angina pectoris, heart failure, arrhythmias and recurrence of myocardial infarction. A resting electrocardiogram was recorded every 2 to 4 months and a standard chest X-ray was taken every 6 to 12 months or less.
Patients who were found to have angina pectoris, heart failure or arrhythmias were treated with drugs where necessary. The same physician made the diagnosis and determined the treatment. Angina pectoris was treated by administration of a long acting nitrate, nicorandil, calcium antagonists and -blockers, either separately or in combination, although the majority of these patients were treated with a single drug. Diuretics were most frequently used as therapy for heart failure and disopyramide was employed as an antiarrhythmic drug. The patients for whom drugs were not Relationship between leads with Q waves and negative U waves.
effective underwent aortocoronary bypass grafting.
Statistical analysis
A comparison of the patient groups was evaluated by means of Chi-square analysis and differences were considered significant at p<0.05. The probability of recurrence of acute myocardial infarction was calculated using the Cutler-Ederer method of life table analysis. RESULTS 1) Relationship between leads with Q waves and negative U waves Fig.1 shows the relationship between the leads with Q waves and negative U waves. The sites of myocardial infarction, that is Q waves, were observed in all leads, especially in leads V1 to V4. On the other hand, the negative U waves were rarely seen in those leads exhibiting QS pattern and the incidence of negative U waves was 90.9% in lead V5, 83.4% in lead . V6, 43.6% in leads aVL and V4 and 41.8% in lead I. This suggests that the leads with negative U waves appeared predominantly in the periphery of the infarct areas. Moreover, on examining the relationship between the leads with Q waves and negative U waves by the site of myocardial infarction, as shown in Fig.2 , negative U waves tended to appear in leads V5 and V6 in anteroseptal, anterior and inferior (including associated lateral infarction) and anterolateral infarction and were consistent with the peripheral zone of these sites of myo- Relationship between leads with Q waves and negative U waves at the sites of myocardial infarction.
cardial infarction. On the other hand, in inferior infarction, negative U waves were observed frequently in leads V5, and V6, but only rarely in leads II, III and aVF. From these results, it can be seen that although negative U waves occur only infrequently in leads showing a QS pattern, they do appear in leads exhibiting r or R waves.
2) Background of patients according to the presence or absence ofnegative U waves Table I shows a comparison of the clinical features in groups A and B. The incidences of a history of angina pectoris and associated complications were not different in either group A and B, but the incidence of anterior infarction was significantly higher in group A than in group B (p<0.01). According to coronary arteriographic findings, the incidence of multi-vessel disease and diseased left anterior descending arteries was higher in group A than in group B, but this difference was not significant. ly higher in group A than in group B (p<0.01) and the incidence of ejection fraction of less than 50% was also significantly higher in group A than in group B (p<0.001).
3) Clinical course and prognosis in patients according to the presence and absence of negative U wave Table II shows the clinical course and prognosis in both groups A and B. The numbers of patients requiring antianginal drugs, diuretics and antiarrhythmic drugs were higher in group A than in group B, but not significantly so. In addition, the incidences of recurrent acute myocardial infarction and aortocoronary bypass grafting (ACBG) were higher in group A than group B, and a significant difference was seen for ACBG. Therefore, group A had more severe and advanced clinical features as compared to group B. However, it may be necessary to study additional cases in order to clarify these results. Fourteen patients had recurrent myocardial infarction and Table III shows the clinical features of these patients. Seven of the 14 developed recurrent myocardial infarction within 1 year. The incidences of a history of angina pectoris, associated complication, anterior infarction, multi-vessel disease, abnormal left ventricular contraction and ejection fraction of less than 50% were higher in the group with recurrent infarction than in the group without it. A significant difference between the 2 groups was seen in the incidence ejection fraction (p<0.02). These results were more pronounced in Jpn. HeartJ. J anuary 1987 Fig.3 .
Recurrence of myocardial infarction according to the presence or absence of a negative U wave.
Number of cases which had recurrent myocardial infarction. ** Case which had a third myocardial infarction . This was the same case which had a recurrent myocardial infarction at 18 months.
patients with negative U waves. On examining the probability of recurrent myocardial infarction between groups A and B by the life table method, as shown in Fig.3 , the incidence rate of recurrent myocardial infarction increased in both groups for 10 years. The probability of recurrent myocardial infarction at 1 year was similar in both groups A and B, 5.5% and 5.7%, respectively. However, group A had probability rates of recurrent infarction of 11.0%, 17.3%, 27.5%, 35.7% and 49.4% at 2, 3, 5, 7 and 10 years respectively compared with 5.7%, 7.8%, 10.8%, 17.3% and 24.3% in group B. There were significant differences in probability rates of recurrent infarction between groups A and B from 5 years (p<0.05).
DISCUSSION
The appearance of negative U waves is highly specific for the presence of heart disease14) and they are particularly noticeable in hypertension, valvular heart disease and coronary heart disease. It has been pointed out17,18 that negative U waves are present in about 20% of patients with exertional angina pectoris on exercise testing apd they are markers of the presence of a diseased left anterior descending coronary artery. We also reported19) that the appearance of negative U waves during anginal attacks was more frequently observed in variant angina pectoris as compared to resting angina and exertional angina. On the other hand, it was indicated by Lepeschkin8) that negative U waves appeared at the time of the appearance of coronary T waves and disappeared at the disappearance of coronary T waves, and negative U waves were frequently observed in patients with myocardial infarction. However, the clinical course and prognosis of myocardial infarction in these patients have not been reported in detail.
According to our results, the incidences of anterior infarction, diseased left anterior descending artery, abnormal left ventricular contraction and ejection fraction of less than 50% were higher in patients with negative U waves than in those without them. Moreover, it is apparent that the clinical features are more severe in the former than in the latter because of the higher rates of recurrent myocardial infarction and aortocoronary bypass grafting and, because following treatment with drugs, there were more seriously ill people among the patients in whom negative U waves were present than among those in whom such waves were not present.
It is considered that the appearance of negative U waves is more closely related to myocardial ischemia due to myocardial infarction than to myocardial damage secondary to hypertensive heart disease because there was no difference in the incidence of hypertensive heart disease between the groups in which negative U waves are present and absent. On the other hand, it was suggested that the sites indicated by the leads with negative U waves were consistent with the peripheral zone of myocardial infarction because negative U waves were not observed in the leads exhibiting QS patterns, although negative U waves appeared frequently in leads V4 to V6.
According to Fu et al's animal experiment,20) negative U waves tended to appear at the peripheral rather than the central portion of the cyanotic zone following coronary artery occlusion. They also appeared temporarily at the central ischemic area after release of coronary artery occlusion. Moreover, Ono et al21) indicated that ischemia-induced negative U waves in patients with coronary heart disease reflect the existence of still viable myocardium exposed to severe regional ischemia and can be used as a newly found marker indicating myocardial viability.
It was expected that where negative U waves were present, myocardial ischemia persisted for a long time in patients with myocardial infarction. We often note that negative U waves in patients with exertional angina do not reappear during exercise testing after aortocoronary bypass grafting of a diseased left anterior descending coronary artery.22) It is of interest in this study whether or not persistent negative U waves disappear after aortocoronary bypass graft surgery. Bypass surgery was performed on those patients with negative U waves and involved left anterior descending coronary arteries. 
